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type of drinking system, type and depth of litter, and various nutritional factors [2, 5] .
In a previous study on the prevalence of FPD in Dutch fast growing broiler chickens, it was found that farm management played a significant role in the prevalence of FPD [6] . Surprisingly, large differences were found between broilers from different hatcheries or even from different hatch locations of the same hatching company. From that particular study it could, however, not be determined if differences between hatcheries could be associated with differences related to the parent stock management confounded with hatch location or to specific conditions at the hatch location, or both [6] . Recently, it has been shown that breeder feed restriction programs (skip-a-day or every-day feeding) and incubation temperature programs affected histomorphological traits of footpads and may therefore have an effect on the risk to develop FPD [7] . However, in another study no relationship was found between incubation conditions and FPD [8] . It is therefore important to further elucidate why different FPD scores were found between hatcheries.
Nutrition is considered to be an important factor in the development of FPD, either by having an effect on feces consistency and thus on litter quality, or by improving skin health or skin strength [2, 5] . Nutritional factors that may have an effect on FPD are mineral levels (Na, K, Cl, Mg, Ca), levels and sources of protein, vitamin levels, use of nonstarch polysaccharide enzymes in wheat based diets, diet density [2] , and feed form [5] . For example, excess levels of sodium or potassium increase water intake which leads to wet litter [9] and some feed ingredients like soybeans have high potassium levels and thus have similar effects on litter quality [10] . High levels of CP or feeding diets unbalanced in CP levels lead to wet droppings and increased risk for FPD [2] . In a study that examined the effects of diet density, 2 density levels were applied with equal protein:energy ratio. Broilers raised on the lowdensity diet had significantly less FPD compared with broilers fed the high-density diet [11] . Diet density also seemed one of the factors causing differences in FPD scores between feed companies in a previous study [6] . As a follow up, feed companies related to farms with contrasting FPD scores in that particular study were asked to provide the feed formulation used during the time of that study. Information received by these feed companies indicated that low FPD scores seemed to be linked to low-density diets and vice versa. However, if diet density indeed affects FPD in broiler chickens, then this should be further studied in a controlled experiment.
Aim of the current study was therefore to study if diet density affects FPD and growth performance in broiler chickens. Broilers were fed either a high-or a low-density feeding program with a difference in ME of about 200 kcal/kg for each feeding phase. In addition, as a first step to further elucidate the effect of hatchery on FPD in broiler chickens [6] , broilers originating from the same parent stock were incubated at 2 locations of one hatching company that had different incubator types and applied different hatching management.
MATERIALS AND METHODS

Animals and Housing
The study was carried out between October and November 2012 at the research facilities of Schothorst Feed Research, Lelystad, The Netherlands. One-day-old broiler chickens (21,600 Ross 308 as hatched) were housed in 24 identical pens of 47.5 m 2 in 2 identical, climate controlled rooms until slaughter at 37 d age. Twelve pens per room were randomly assigned to the present study and treatments were equally divided over both rooms and over rows within a room. Each room was divided by a central corridor with 8 pens on both sides. Pens not assigned to the current study were used for another study (using broilers of the same batch) [1] . Per pen, 900 broilers were housed (19 chicks/m 2 at placement). White wood shavings (1 kg/m 2 ) were used as bedding material. Each pen had 11 feeder pans and 2 drinking lines with 72 nipples with drip cups. Environmental temperature was gradually reduced from 33
• C at d 1 to 19
• C at d 37. Lights were continuously on at d 1 and 2, and on d 37. From d 3 to 36 an intermittent lighting schedule was provided of 4L:4D and 4 periods of 3L:1D per 24 h. Light was off from 23:00 to 03:00, 06:00 to 07:00, 10:00 to 11:00, 14:00 to 15:00, and 18:00 to 19:00 hrs. Light intensity was 20 lux at animal height. Birds were vaccinated according to commercial practice, i.e., Infectious Bronchitis primer at d 1 at the hatchery, Newcastle Disease at d 14, and Gumboro at d 22.
Treatments
Four treatments were applied in a 2×2 factorial design with 6 replicates per treatment combination: Hatch Location 1 or 2 (i.e., H1 and H2) and high-energy (HE) or low-energy (LE) feeding program, see below for details.
Hatch location. Broilers in the current study hatched from eggs incubated at 2 different locations (H1 and H2) of one hatching company. Both are commercial large scale single stage broiler hatcheries that have a weekly production of approximately 1.2 to 1.6 million broilers and are different in many aspects, such as incubator type (Pas Reform B.V., Zeddam, The Netherlands; and Petersime N.V., Zulte, Belgium) and specific management. H1 (Petersime incubators) was located 100-km northwest of H2 (Pas Reform incubators). Hatching eggs of one parent stock flock of 49 wk age were collected in a time period of 3 d. Per day, first grade hatching eggs were split into 2 similar batches and allotted to be incubated in one of the 2 hatcheries. In this study only first grade eggs weighing more than 50 g were used, and all second grade eggs such as floor eggs, misshapen eggs, double yolk eggs, and eggs with cracks, holes, dirt, or debris were excluded. Eggs were transported to both hatch locations in the afternoon of the third day, stored during 4 d and subsequently placed in the incubators at both hatch locations. Egg storage management was similar for both hatcheries (storage temperature between 16 and 18 • C and RH between 60 and 70%). Eggs were incubated according to the hatcheries' best practices, and no deviations from optimal had been observed. One-day-old chicks were transported to the study farm on the same day for H1 and H2 in one climate-controlled lorry under similar climatic conditions (transport route from H2 via H1 to the study farm). Crates were marked per hatch location and 1-day-old chicks were placed in the pens simultaneously.
Study diets. Birds received a commercial multiphase diet, i.e., starter from d 0 to 10, grower I from d 10 to 18, grower II from d 18 to 28, and finisher from d 28 to 37. All diets were pelleted (3-mm die), except the starter diets (crumbles). In the starter phase (0 to 10 d) a complete diet was provided. From grower I phase onwards the ration consisted of a complement diet plus whole wheat. At the study facility, complement grower I, grower II, and finisher diets were mixed with 15, 20, and 30% whole wheat, respectively. Half of the treatment groups were fed a HE ration and half of the treatment groups were fed a LE ration, hereinafter indicated with HE program and LE program. Composition of the complement diets and the rations in the different feeding phases are provided in Tables 1 and  2 . The feeding programs differed only in energy content, the HE diets were about 200 kcal/kg higher than the LE diets (Table 2) in each feeding phase; protein, vitamin, and mineral contents of both feeding programs were equal. Complement diets were produced and supplied (in bulk) by a commercial feed company in The Netherlands.
Measures
Hatching results. At the day of hatch, dead in shell were opened to determine true fertility and the timing of embryonic mortality by visual appraisal as described by Lourens et al. [12] , for both hatch locations. Chicks were assigned second grade by the presence of any sign of suboptimal development as described by [13] . One-dayold chick weight was determined by weighing 2 crates (180 chicks) per pen at placement.
Litter quality. On d 14, 21, and 36 litter was sampled per pen. From every pen 3 samples were collected from the same locations relative to the water line and feeder line. A plastic round tube (diameter = 5.5 cm) was used to punch the samples from the top of the litter to the floor. Samples were immediately stored at −20
• C and analyzed by Wageningen UR Livestock Research for moisture content (drying during 24 h at 105
• C). Footpad dermatitis and hock burn. Per pen, 20 males and 20 females were randomly selected at 21 and 36 d age and inspected. Footpad dermatitis was scored for both feet according to the 'Swedish' classification, i.e., score 0: no lesions or very small discoloration; score 1: discoloration but no deep lesion; score 2: deep lesion with ulcers or scabs, bumble foot [14] . Hock burns were scored for both hocks according to [15] , with a score ranging from 0 (no hock burn) to 4 (large black spot). Growth performance. BW was determined at d 37 by weighing all remaining birds per pen. Body weights at d 10, 18, and 28 were determined using an automated weighing plateau in the pen [16] . Feed intake and water intake were determined per pen per feeding phase (d 0 to 10, 10 to 18, 18 to 28, and 28 to 37). Mortality was recorded daily per pen.
Statistical Analysis
Fertility, embryo mortality, and hatchability of first and second grade chicks were analyzed using a generalized linear mixed model proce- Block: Effect of row within room (j = 1,2) Diet: Effect of dietary energy level (k = 1,2) Hatchery: Effect of hatch location (l = 1,2) Diet * Hatchery: Interaction effect between diet and hatchery Error: Error term Effects with P ≤ 0.05 were considered to be statistically significant, whereas 0.05 < P ≤ 0.10 were considered trends. All analyses were performed using Genstat Release 15.2, VSN International Ltd.
RESULTS AND DISCUSSION
Incubation of eggs, from the same parent stock and collected simultaneously, at 2 different locations of one hatching company did not result in different hatching results (Table 3) . Weights of the 1-day-old chicks at placement did also not differ (H1: 44.9 ± 0.4 g; H2: 45.0 ± 0.2 g). However, during the growth period, broilers from a different hatch location differed in feed and water intake and in BW gain (Table 4) . With respect to BW gain, there was a significant interaction between hatch location and diet density (Table 4) . Broilers fed the LE program had a significantly higher BW gain at d 37 when hatched at H2 as compared to broilers hatched at H1. In addition, a tendency for an interaction was found for feed intake; feed intake was highest for broilers fed the LE program and hatched at H2 as compared to broilers fed LE program and hatched at H1 or broilers fed the HE program (Table 4) . FCR and water intake were significantly higher for the LE program as compared to the HE program (Table 4) . Water:feed ratio and mortality were not affected by feed program and hatch location.
The finding of our previous study that broilers hatched at the 2 hatch locations differed with respect to prevalence of FPD [6] could not be confirmed in the current study, although numerically the results were in the same direction (more FPD at H2) ( Table 5 ). There were also no differences in litter DM content, thus moisture level, between H1 and H2 (Table 6 ). Although there is some evidence that hatching conditions and breeder feed programs may affect the morphological aspects of feet, and thus might affect the risk to develop FPD [7] , others have found opposite results with respect to incubation conditions [8] . Thus, the effect of breeder feeding programs or diets and incubation conditions on the risk to develop FPD clearly merits further study.
It is generally known that pre-incubation conditions (such as egg storage conditions, egg size, egg weight, age of breeders, etc.), incubation conditions (temperature, humidity, ventilation, turning, concentration of gases, etc.), and posthatch handling affect chick quality and later performance (see [18] for a review). In the a,b Different superscripts within a column indicate a significant treatment effect (P ≤ 0.05). 1 LE = Low-energy feeding program; HE = High-energy feeding program; H1 and H2 = Hatch location. current study, pre-incubation conditions were equal for H1 and H2, and only incubation conditions and posthatch handling differed between H1 and H2. No effects were found on hatching results, which could be expected because incubation conditions may have differed at both locations since for example different types of incubators were used [18] . However, growth performance differed between H1 and H2 and interacted with feeding program. This is an interesting finding that merits further study; as various factors such as incubating conditions (temperature, humidity, concentration of gases, etc.) and posthatch handling might have been different between both hatch locations, it is necessary to study these independently to unravel the underlying mechanisms.
Litter quality was significantly affected by feeding program. Pens with broilers fed the HE program had a significantly lower litter moisture content at 21 and 36 d age (Table 6 ). Differences in litter quality between the diet treatments were also reflected in the scores for FPD and hock burns (Table 5) . Birds fed the LE program tended to have a higher (thus worse) FPD score at 21 d age and significantly higher (worse) hock burns and FPD score at 36 d age as compared to birds fed the HE program.
Based on the FPD scores per feed company from our previous study [6] and information on feed formulations as provided by most of these companies, we predicted that birds fed the LE program would have better FPD scores than birds fed the HE program. However, we found the opposite results. This might be explained by the fact that the diets as applied here only differed in energy and raw fat content and not with respect to the other nutrient content (e.g., protein, amino acids, vitamins, and minerals). Broilers fed the LE program increased their feed intake, resulting in a higher intake of e.g. proteins and minerals. Excess protein intake should be excreted which will be accompanied by increased water intake, resulting in wet litter which increases the risk for FPD and hock burns [2, 9, 10, 19 ]. An increased intake of minerals (Ca, Na, K) also results in an increased water intake and moisture content of the droppings and thus an increased risk of wet litter and FPD [9, 20] . The litter in pens with broilers fed the HE program had a lower moisture content as compared to the pens with broilers fed the LE program which indeed confirms earlier studies indicating that moisture content in the litter is an important risk factor for FPD [2] . It has been shown that broilers raised at 2 diet density levels with equal protein:energy ratio showed less FPD when raised on the low density diet as compared to being raised on the high density diet [11] . This indicates that LE diets potentially may decrease the risk for FPD on the condition that the diet formulation is adapted (adjusted to the lower energy level) to prevent excessive intake of protein and minerals. Also in the study of [11] BW gain was not affected by diet density.
An economic calculation was performed for feeding program and hatch location based on the technical performance results of the current study (Table 7) . Lowest margin was found for broilers fed the LE program and hatched at H1; highest margin was found for broilers fed the LE program and hatched at H2. Margins of broilers fed the HE program were equal for both hatch locations and a bit lower as compared to LE/H2 broilers. 
CONCLUSIONS AND APPLICATIONS
1. Incubation and hatching broiler eggs from one parent stock at 2 hatch locations from one company did not result in differences in hatching results or FPD scores, but did result in a different BW gain, feed, and water intake. 2. Differences between hatch locations were mainly due to an interaction with feed program; growth performance of broilers fed the HE feed program were similar for both hatch locations, but significant differences in BW gain, feed, and water intake were found between hatch location when broilers were fed an LE feed program. 3. Providing broilers with an LE feed program resulted in more FPD and a worse feed conversion as compared to broilers that were fed a HE feeding program, taking into account that the diets were not isonitrogenous. 4. Therefore, with respect to FPD and growth performance, a HE feed program is preferred over a LE feed program when feeding nonisonitrogenous diets. The differences in growth performance between the 2 hatch locations merit further study but indicate the importance of the incubation and hatching environment and posthatch handling in relation to the performance of broilers on-farm.
